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ABSTRAct

Thi~ report gives the cku.ils af sorr:e ::lelS1.I.ItClem.s on the i.a.terfmnce caused to ne..a:ring
&&ids by mobile reiephones using the new "Global Sy~tew foe Mobile" CGSM)
COD.UDaDi~tiom SWld.ud.. The ~&spread use of this system may cause Comiidcrab1e
interference co ~"S of ~g Qids. It is Mr lrnown at present if !leMing aids can be
dcsilDcd to be completely Lmmunc from this lnteCfereocc. This re('Olt bas been written to
a.1t'TT all heariae aid users I.Dd those conccneo w1tl.l i.he we of beuing aids to the ~~ible

disruptioQ to the use of hear.Jl1 aids wt mAy be c:au.sed by me new GSM system.
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1 Introduction
The Dew mobile telephone system. UEU1g the "Global System for ~obile" (GSM)
CCmmWl1CanODS scand.ud. is Il~e ror intrOduction in April this year. It uses dilita! tech.nolorY
ace operates It radio ~uencies (RF) in the 900 MIlz relion. The ponabJe hand held a.od
tta.nspnrtabl! telephones m capable of interter..ng with commculy lLSCd clcecrcnic: equipmenc
and c:m degn.de the pert'nnna.nce or even preveot the openo.oo of hcar.J1S aic1s.

NAL wu approached by Telecom Resean:h Labontoricll Elccuoma.gaoetic Compatibility
Seczioa about the possibilicy of checki.cg if tbe system inledc:e$ with bearinC aitb. Te1coom
was~ aD Utvestiearion inw interference caused by t.be digital telephones. As I
resulJ: NAL ucl TcJ.cc:om staff Wld.rwolc a serif'_~ of meuuremencs designed to establish the
nature and. extent ot lnu:rCCl'CCCC to I\c.vi.ng :Lids.

The (ollowin; iI I report of thr:se meas~mects, ~aetb.er with some recommenc1aI1ollS.

;Z Ae.tnowled(menb

Dr. ~D Joyner. Head or tb~ Electtoca~etic Compatibility SectiOl1, T~lceom Researcb
LabonwJries. fint approa.cbcd NAL throuih Mr. Fric Bwwood and visited NAL on 18m W1
19t11 t'ebruary, 1993 wilen it W4$ estAblished that il1:m'erea.ce may be a. problem.
Subsequently. measurementS were carrtcd out ou 4th a.."U1 Sth March 1993 to q\W1ti..~ the
extent of the inlCtfefence likely to be experiencec1 by bcar1ng aid UKl$. Dr. loyner aDd Mike
Wood of Telecom Rest".Arc.b lAboratories Eleco:omaanet1c Compatibility Secd.oa set up the
equipment to gcncnue tho radio freq~ency field ~o simuWc the telephone emissions and alSO
prOVi<kd Tables 3 iWll 4 of field sa-engths emitted by :be GSM mobile telephones. Mcssrs.
Ene Burwood. Derek. AllisOn and ~~ l.c StraDIC of Nalional AcouaDc Lahcnrories cmied
out the heariDl aid mea.slJteLnCnts.

3 Nature of TraASmissioD from GSM Mobile Telephones
For the o.c;M system tho radio spectruln available for mobue-u:rbuc (l.e. ruobile a:lephoQe)
U'lmmitsioa it becween S90 ann 91~ MHz. mel for base-to-momJc it is 935 to 960 MHz. no
mUllu1&dOQ producea 0.6 1M bunts of RF eNf"e)' (ram each ce1ephoQe nasmi= at a pulse
rate or 217 Hz. 1\ number of peak power levels and eqwpII1et1l confisurauOQs ~ available
for GSM mobile tdephoDcs for use within Auscr.uia. Theso Udude , 2 wt4 baacS bdd unit
&ad IJl 8 watt ttusporrablc wUL When due KCOWU it IIkell 01 u., pulsed nature of tho
trUSCDisrions, the COIRspondina 3\1erlee power levels are 0.25 wan and 1 wau respectively.

The peak RF field Strengths close to tl1e anrenna or the: mobile tdepllol1c ClUl boe quit! high.
Iu 10 em from an SW trMsf)(")rtable unit a peak RF field of 7~1O Vim 1W been mca.sured.

The GSM system is I pulsed system with 1 hi&her p:ak power than tho present &I1alol mohile
telephone system. 'Ibis nukes the GSM system much more Ukcly 10 cause intcr&rcoc~ into
eJcetmaic equipment whieh is apparently Qot aIfec1ed by aDIlol Rf fields. Obviously the
potcndal lor interfereD" depends on the num~r nf GSM mobile telephones in use in the
community and tbls is unl1kcly lO bll: vcry h.i,h in the next few yean.
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4 wter(ereace to Ht.arin~ Aids

Incertereoce to a hc:4rin~ aiel is considerable. the amount dependin, on thl! details of its
dcsip. Con.n<1erable concern is felt by ~,e E\UU~aJl Hear".nl I.n.1r:rument M.o.nuf~turcn

Assodt:ioo as the oe'~ system :s 'xing lInplemented in all Euro?Can UJwlu'ies. The:
Austr~ ..li~n Telee:ornn: unicatioos Authority, Ai.lsceJ is embarking on an investigation L,cJ
"emups technologies for the delive.-y of ~less personal communications".

The inraferer.ce from one 'J"aD.Smiuer is h~ Li :he hearing aid as a conSWlt. Ul~tiIll,;tive

blW:iDl sound white the teJephcn~ iJ tranSmittir.g neatJy. Ficure 1 shows I typical t!'equeacy
$pCClnm1 of the output of l ~aring ~d wuh i:lt~ri"erertce, wmch occurs across the useable
ra.D&e from 200 to over 5000 [It.

Hewg a.id.s frOtn all mJIlluf,lCO'ren wil.: be ~ir:ularly prone to this inte:rferecce.

S ~iptioa of MeuuN:ment3 . ~nsitivity of tile Hea.rlal Aids to tbe Iaterleri"g RF
Signal

& Aim: To m~sut6 ~ow the effect of De i1!ter[erence varies with the peak: RF field
5~tlgth, )0 UliU useful Fr-...diCtlOllJ coLLe be ~de :lbout the effeet all beaf.ng aids in
proximity to these telephor.e traDsruicrers 1b.s WiL:l ~ouc by;-

i M~c..:rin, the Ol.ltp\Jt of tho aids sUbje~t.ed to vat}ing RF field strengths, 21ld

11 Sll"'ljectively co:nPari.1i the :.nte~eri;'lg outp~t with B. round of J::D.ot,wn intensity.

b Method:
!be hea.rin~ aid.:l were pltlCed in ~ b.own l,I1""iable R.F field gener.\ted hy the system
provided by Telecom )lJowll 10 Fig-JIe 2. The !oc.nd oatpul of !he ~..mS aid wu
measured in a 2 cc coupler WlO a B&:K 2120 Pr'equcncy An&l>,ser set for wide band
with a 100 Hz hirb pass filter to gl.:ard against low trequcncy ambient :1oise, refer to
Fipre 3.

it The Doise tloor of each aid was measured witll the mkropbollc blOCka110 ambi~t

noue.. The hearinl aid outpot ',1,'2S tllen measured under a suitable raI1ie of field
strengths, iz;cluding uw which prod.u~ an O\1tr'U! 10 dB above the noise floor.

c Precautigo$:

The measuring miaophonc aDd iU:OWUc 2 C(; couplet' arc tlfSC meWllo objecu
which alter the field streIl{tb L"Ound the nearinl aids. In order 10 obtaiD reasonably
accunte Aeld ~[ttn~ at the aid. the 2 cc coupler and micropbone were moved lWI.Y

from the Y\cwcy of the aid. A 460 mm length of 2 mm diameter TYlon tubi.11 was
QCl,;c:~~a.ry to couple rhe IldJ to the ~c coupler. 'This chlOSed the acoustic frequency
response of the aid, an eumple oC which is mown in Fiprc 4. This cb3np of
response does not invalidate Lhe mea.s~--emenu for the purpose of this iDve:>1i611con,
since the bandwidth WllJ nor reduced sicnificantly. The peak R.F field stretlgtts
were mcuur=d u~g the apparat".ls sho1,l,lQ in Figure 2. The output of the icnentor
Yo'l.S varied with it.i AUeJlua.tor ~ o.rd.;.r to adjust lhe RF fi.ld incident 011 the hearirle
aid under [est.
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u On l"OtAtil'lt; the &iis in the RF field the receive4 Ult.erferencc <,;tJa.llgai IIo\It'C't'cf, (or
the: pw~o.sc of thi" lnvesc.saOon, it ""as decided that the orientation whicn proc:1uceQ
the moSt iJ1LCrfCI'CJlI.e in the roa.jorit')' of aids would be used. since tLlle was
:.nsufIkienl for a more ex~r.sive t.xplerarioQ lUld it is \1Dlikely that ~£Qificant!y more
useful informatioo wo'.l1d have beta obwned.

ill The frequency respon~c of each aid 'Has graphed with normal I'oustic tennination
and also with the extt2 tubin' using 4 NAL 8500 system whose calibnlion Wa!

checked with a B&K calibraccr. This shows that the aids were opc:W, ~tlr.

d Tape RefordinU:

l TIle oUlpuu of e~cb aid was ~nrdt:d with and without interference far subsequent
subjective cvalWlUoa.

ii Recordings were m~d~ of the output of some or me heari.G& aids with [~t spccc.b
passag'l::l of kJJowu !\'er:lse SPL with Mil. without iDterf'mncc to ascertain what may
be cecmed a. suitAble Lfu"C3hold for cbUKcerisinl the effect of i.clCtfcrence. It was
confirmed mat I l.;setul "annoyance" l1u-eshold is the RF field .uength that causes an
ourput 10 dB aboYe the ooi.sc fun' of the heariQg aid, i.e. the OU~ut without
inte:fercl1~ aAd when the mierophoac was blocked to amb1eZ1c sound. Inaew,
levels of iJlterfe~oee rapidly irlere.ases the level of disl:omfort, e.g. wben tile
u:~<fe:tnce Wl.5 iJl~ to 20 dB above the noise floor. the effect became
unacceptable, eyen tboUih the ~pa.oyin, speech wu niU inteJ1igible.

ill It u imendcd to prep:sn 1 ca.u~tte r"pe recordinl with samples of a tlearing aid
O.l:put with a.cd withuut i.ntetf~nce to £poecb..

6 Int.rprp.tation of the Results

a Interference J1!resh9Is1; T~ble 1 shows w threshold values obtained with the hearinC
&ids issued by AHS. InteIference when 11~ ~lccoi1 is use<l u cUgbdy differeDt to that
with the microphone.

b RaDle of Interfu,nce: Table 2 &i~ 14 approximaUl lAdicaJiOll or me relative disWlCCS
:it which the 10 dB chrcsbold is IeaChcc1 mn lL 2 Witt GSM hADd-beJd mobUe telephone.
and from &A 8 "'an GSM Transponable mobile telcpboac. Tbcsc ~ cstima=d from &be
hcaciD5 aid chreabo1ds in Table 1, and by cxttapoladnl from die peak RP 0c1d stt;DI'b
measurwe:lU O\'CI ga.ss ia Tabla 3 &ad 4. As indicated ill TabJea 3 and 4, si&JU&aAl
variations occur in field saength, UcpaldiDg on the immediate envi.mnmeac. however the
estimawi values rank the aids comct1y and P\'\; I realIstic iAdicatiol1 of the ranp where
in=fet'lnce 'N'ill occur.

c Cnn<Jttions lUldet wliich 1,nterfenmce OsCW1;

The celepbOne, wttrl'e~ with all eM heW, aids tested. A user of one of these
heari,nl aids wUl Dot be able to usc rhcse telepboMs, ud • "earinl aid will ottca
hecome useless or cause the wearer d1scomton close to • tolopboae whea it is hefna
~eCL This; rirnarion is representative of currently ava11abJc 1Jcaring aids. It will be
IlOri'ed thaI the IT312 ~u the lea.~t intedcrence. AA explanation is given below.

ii Beh.ind-Ihe-E.ar hea.rine aids experience more inruf~cc than In-the-£a: aids.

3
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ill Hear.n& alili ~u(.h u the VH1C are 1J1ely :0 be unusable eyen several metres away
from eltber the ~at1a·held or the traJ".Jpcr.4bLe cel~p!to"e~.

7 Interferinl Mecwi5m

a from the experimcllw work we C~ say ~.at :he ir.~rl'erence occurs at the most sensitive
part of !be hearing &1d a:npUfu:.r, w~~ !.he RF field Uxfuces -n1Ulls in the wir=s
connected &0 the microphone or the :.el:cou aJld de~ccd (recli5ed) by the Q'2lUUtor
iApul, and possibly by the outPUt of we trucrophone whida has ~ simple bWfc:r UDp1mer.
This mccbaninn applies in higjl ealn audio ~plifiers such a tt10Se used in puullc~
sysl.Cws thAt ~ ~ubject to the radi;\!'ioCl from AM radio and television transmissions.
'lbcse are nonrusJ1y shiel&<! from tlUs t.oterfe~nce and the input shorted by a small
capacitor to elimir.ate we problem.

b The h.i&hc:.r peak pubes of RF poWtT rnrliatt,rl'and the close proximity to the bearing aids
where they will be OOI1llJJly be u3cd, combine to make m;s inruference more severe than
the above ca.ses.

c Sometime:! a smill capacitor is used shunring the amplifier input to prevent RF siltllls
being deteCted and l1eud by xc wearer, The Ca.Wd Soa.ua. has a cmall capacitor. but is
not close to eimer r.ne 1Itplifler c:lip ur tl:c aticrophone. The Sennw, VLK ~nd

VRKIMK M DOt This expJaiD.s me lower tb.reshold R.F f1cld SD:CDatbJ of tbc V aid:.
The new mil hu much ~horter m..:.crophooe leads than Lbe previous m bewi .lids
Soow aDd Sereu.de. si.occ che microphone i.s solidly mOWlred next to the ampliticr
board.. The lower sensitivicy to intert':rellc~ is conii$ten1 with the above mechaci.sm.

8 R.medies

a }!.ossible ApgroacMs.

l Pilu:ring; The: shunt cspacitof is a s;mp~ 5l:er. It should be placed physically very
aear lbe amp~er iotegratcd c1rcuit chip with vet)' shott wires. It may also be
oeccssuy II:) plJce ODe aaoss !.he microphono ou.tpQ.C at me microphone. The
capadla1 are resaicta1 by tlleir affect 011 We cUcuit opcntioa u ",-U u taking tJp
valuable space. By usin, a small fcr:ite iDduetor 111 se~ wiw the microphoQe
leads in coajunctioD with the shunt capacitor. it may be posSible to el1min ate
i.e=terence.

ii S~I: Complete shielding of tb= whole bearing aid \Vith & coaductivc shuth
will eJ1m1lJ4ltc the in:crt"erence, but is likely to be imprtetical Suitable metboc:1S
include WI1 metaJJ1c ccati:1~ 00 the ituide of the ease pAm. imprepatioQ of the
plastic with ti.Dt conducting particles a.:ld 1J5lnl & 'fmccaWc" paint. I1lD&y rMnc:e the
..csi:ivity of I le1ecOU if titted It is iacly to be tnIponible to completely shield
the aid. IWl coonectins lMds {or audio input Ll1d incuction pickup coo (telccoll) thoU
are aot mleldcC would preseQt prOblems.

ill Feasibility: It iJ not lcnowu now if these or other remedies wUl work and to wha.:
extenl they 01&1 work..

iv R.ectric:tiDg me use of me new GSM moolle teleph.Ol1cs will pl1:vent in~rlerenu. bur
would prob~ly make the GSM ~ystem useless.

4
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b sxiging Hetrina Aid..r O.anies to the larae number ot' existing hc:arinl' aids has the
!olluwLng problem,:

Ie may 'e IoiUtically diffIcult. if ~or impracticaL

u Fea.uble rnoditicatiollJ uc likely to ~ of minimal effectiveness because of the
diff.culry in applytog effective remoJial treatments to u c:xisUAI product.

ill ~uW.Uc~tiOQJ fX:) existUJg aids may be very expensive.

c: New Hearing A. id.<~ If effective aleans to prevent ilJterterencc iUC developed. they could
be dc,iploCd into new bearing ~id~.

9 Coa.dusioD

'" It i.s likely thaL bearing aid u~e.rs will be inconveJUCDCed to some extent very soon Ju:r
t.he new l.ClcphoQ.C1 are introduced.

b Wide~ use of the new GSM mobile telephones may make cxi3tlog bearing aids
useless (or much of the time

c Unless :here is a :eallitic design remedy. new hcad.og Aids will be UfecteA ~ possibly
to " lesser exrt.nr, ~ce partial remedies seem :0 be possible.

d Oxlperative wort to invesngacc ctr~dve dcsicn so1u.rioaa iJ ~c.essary. co estabLUh if
rhey can be developed.

e Monuoring the uptak.t of the GSM service and reports of interference to heating aid
users to gauge the extenr of the problem in the shOtt tum aile! in the 10llJtt term
\1n~ a ro-openrive programme to ftnd practbl a.ud cost' cffccdvo SQlaciozu.

10 Recommendation

a \Ul-e this problem baWD througl1:

AusteJ..

u Hew5 Aid uS« Groups,

iii Hearing Aid D:W1ufacroren,
iv Relevant covemmcat dcparwlCDtJ,

b IaLti.l&tc cO"q)CtaUvC work to look tor a suitAble desip dutton.

c Keep:he above mentioned bodies bforme4 about the eXlCPl ot the OSM systt:m and
WOtlD GSM mobile telephone use" about the in=ference that may be caused to beari.ag
aid USCl'S.

11 Referellc.

~ EW'Opean Hewi Instrument Manu!acnum AssociAliou, "ImplicaUoIlS of GSM far the
hewg ba!1dkapped". BosstrUt 135. B17!O Wemmel, Belgiwu, Tel 32-2-460 228~ FIC.
32·2-460 42449.

b AUSTEL. "Discussion Paper: Wireless Pcnonal CommWlicariOG Services", Mobile
Equipment Standan1." Section. AUSTEL, P.O. Box 7443, 51 KildA Road. Melbourne.
yu.:LOcia., 3004
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Table 1 RF Field Strength tor Nodc~ble Interference to Htalriul Aid3 (From
m~urermDt.5 or AHS Hta..rina Aids)

M/crcphone Switched In TelecoU Iwlta,*, In

HcarJnQ Akl
R~ F"lCld Heating Aid dB aoove Threshold Hearing Aid dB abOve

(Vt)11:s/ ovtput NoisQ (Volls/ OutPut Noise

men) (dB SPW (no Rf) metre) (dB SPL) (no RF)

PPSCt. 3.1 86.5 9.5 3.1 67.0 5.0
PPSC 2.8 &4.5 9.~ ~,9 81.0 10.0
VHK 0.7 89.5 9.5 0.4 77.0 12.0
VLA Ui e2.0 12.0 2.0 59.0 12.0

PPC1.4 3.1 85.0 11.0 3.1 14.5 Q.5
In-the-!at Hultng Ald.

JLFR 9.4 69.5 : ')0

SOnata

S 4.9 66.0 I 10.5

Serenade
!

tT'312 32.~ 78,0 9.5
NAL..~
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Threshold Distances ror Noticeable Interference to Hearin&
AidJ (calculated from measured aid sensitivity and approximate
field strengths near the telephones)

AlO NO AJO AID
WE7R!S 11110 ~EmES T~ ...mE3 wac W£rRES T-(Oll

~.O
INPUT

00.0 i INP\II' &0.0 INPUT
50.0 INPUT.....

20.0 20.0 ..,. 20.0 YlIC 20.0

10.0 'M( 10.0 10.0 10.0
'i\A \U

~.O S.O !5..C ;& f'IIICl. 5.0
~

loU ~

ZoO ~~ 2.0 WQ.A 2.0 2.0 Pfl'IQ. JlPIQI:
I'fIQ.4

1.0

1.0~
,.".,.;:r:~ 1..0 ~1.0

o.~
SC'h'T"~ O.! 0.5 0.5

1011
0.,2

1t'J'2
O.? 0.1 0,,2

O. t 0.1 0.' 0.1

~ t'lW1'~ CSII • WAlT l1W&"oma&:
w<*u: "Qeu.c~

Table 2
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Table 3 Measured Field Streo&ths ~ear GSM 8 Watt TraD3portable
Mobile Telephone, (Source Telecom Research Laborarories
personal communication)

TEST 1 •
TEST.:1 •

Outside
reST 2- lncide Lab.

Ofsta0Q3 ever Grass InsiCe Lab. with
Ab60rbera

(m)
Field Aeid FJeld

Strength Strength Strength
(Vim) ('11m) (VIm)

0.1 91.S 76.3

02 ~3.4 51.6

0.3 34.9 36.9

0.• 27.4 30.7
0.5 21.8 23.3 25.0
1.0 12.0 ~2.0 12.4-
1.5 10.1

2.0 5.7 62 ~.9

2.:5 Q,6

3.0 4.0 7.5 4.1

3~ 3.4
",,0 2.8 '.8
4.5
5,0 2.e
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Measured FieJd StrenKths Near GSM 2 Watt Hand-Held
Mobile Telephone. (Source Telecom Research Laboratories
personal communication)

reST 1 • TEST 3·

Outside T!ST 2· Inside lAb.

~tancQ 0\19' C'~ass Inside Lab. wiU1
Absotbera

(m)
F="reld FJeld Field

Slrtngth Strength Strength
(VIm) (Vim) (VIm)

0.1 41.9 38.7
O~ 28.7 27.1

O~ 24.1
O~ 20.8 21.3

0.4 1~.O 18.3

0..5 13.1 14.7
1,0 SOS 7.1 eoZ
1.5 3.4 6.4
2.0 2.4 •.1 3.0
2.~ '.7 3.5
3.0 1.7 4.3 4.3

3.~ 1.1 4.0
4.0 1.2 2.7
5.0 O.S

9
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Figw-e 1 Sample Frequency Spectrum or a Hearing Ald Output witb
Inter(erence
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EMCCONSlDERATIONS FOR DIGITAL CELLULAR RADIO
AND HEARING AIDS

Jon Shon

BT LJ1:loJ"Jlories. Manlesham Heath. Ipswich. England

Abstract

TIlls paper describes the compatibility problem
between digital cellular radio and he:mng aids.
Rese:ll'Ch has shown that any radio system using
time division multiple access could regularly
interfere with hearing aids. TIlls problem may be
reduced by constraints on the cellular system
implementation although .1Il increase in hearing
aid immunity to such signals is required if this
problem is to dealt with effectively. It is hoped
that COST 219 may be able to bring such
changes about. 11tis information was presented to
a meeting of COST 219 on me 16th June 1992
in Dublin.

. 1. Introdw:tion

The aim of this paper is to describe the potential
compatibility problem between digiLll cellular
radio systems and hearing aids. In doing so it is
hoped that action may be taken to improve the
current situation.

The compatibility problem stems from any
system where time division is used to multiplex
m:my users onto a single RFOITier (Time
Division Mu1l.ipk 1\i:cess -~).This process
results in the carrier being turned on and off
many times. If the frequency a1 which this
turrting on and off occurs is in the audio
fl"CLluency.band Wen sUnply designed audio
devices, such as hearing aids.c:mdem-odulate the
RF envelope and produce an annoying 'buzzing'
sound. With careful design. these problems can
be removed through grealer immunity to such
signals.

It should be non:d lh:n this is an issue for any
TDMA systemwnen dose to any audio
apparatUs. However. smdies ~ shown thai
hearing aids are particularly susceptible and more

likely to be close to ponable telephones.

TIlls paper therefore covers the standards bodies
involved in EMC issues. the initial EMC work.
studies carried out at BT Laboratories. highlights
possible solutions and then makes some final
recommendations.

2. ETSI Standards

TIlls issue has been highlighted through the worle
of organisations participating in the ETSI
standards bodies. On the digital cellular radio
side. the sub-technical committee SMG2 has
been driving the work forward. TIlls body is
charged with the radio aspects of the pan­
European digital cellular radio system - GSM.
Other ETSI bodies involved in EMC issues are
sub-technical committees RES9 and EE4. RES9
are concerned with EMC standards for radio
equipment and EE4 in E.\1C standards for all
other telecommunic:lDons equipment.

3. Initial E.l\1C Testing

The initial studies of the interference potential of
TDMA transmitters was conducted back in 1989
by BT Laboratories. the UK DTI, CSELT, Racal
Research and others. At that stage the studies
were concerned with hemng aids. personal tape
players, domestic audio equipment. TV
equipment and cardiac pace makers. These
studies resulted in the following findings :.

No interference to cardiac pace makers
Slight interference to domestic audio
equipment

• Significant interference to body worn
audio equipment



4. BT Laboratories Hearing Aid Testing

The worle c:lnied out at 811. can be split into 2
areas :-

lmmunity testing
Interference modelling

4.1 Immuniry Testing

A number of he:uing impaired volunteers from
8TL were asked to take pan in a laboratory test
The test consisted of an anechoic chamber (no
RF reflections) in which an amenna was
transmitting a test signa! similar to that radiated
by a GSM mobile telephone. The subject was
then asked to walk towards the antenna and note
the level of perceived interference at various
distances. Having previously calibrated the
chamber for field strength (in Volts per metre ­
Vim) the critical field strength could be
determined.

The test equipment used to cre:lIe the transmitted
signal allowed the following parameters to be
varied

Modulating waveform
Duty cycle
Transmit pulse transition time
Repetition rate
Carrier suppression
Carrier frequency

The results of this laboratory investigation
showed that the mechanism causing the
interference was non-linear devices in the hearing
aids demodulating the 100% amplitude
modulated square wave of the RF envelope.
Since the frame repetition rate is in the audible
frequency band the demodulated products are
audible. The critical field strength is around 4
Vim for perceptible, annoying interference.

However, what does this mean ? Is this a
problem or not ? In order to answer these
questions. a modelling exercise was undertaken.

4.2 Interference Modelling

The object of the modelling exercise is to
determine, given the 4 Vim critical field strength.
what is the probability of a hearing aid user

experiencin2 interference in a typical cellular
system?

Firstly, we must determine the number of active
mobiles and their tI':l!'_-:mit powers. nus is done
using a typical cell :. "out to give the maximum
number of users at anyone time and then a
simple link budget is used to determine the
tr.msrnit powers.

From the transmit powers, we can determine
what area around each transmitter will experience
a field strength of 4 Vim or greater. If we know
the number of mobiles transmitting we can find
me total affected area. nus is the total area in
which a he:uing aid user would experience
interference.

Given the total area of the cell layout under
consideration. we can calculate the ratio of the
affected area to the total area. This gives the
probability of interference.

If we also know the number and duration of the
cellular telephone calls made, we can determine
the time between bursts of interference and the
duntion of these bursts.

This modelling exercise was conducted for the
following scenarios :-

Daily conunuter from rural area into city
Person working and living in city
Retired person shopping in city

If. for example. we take the daily commuter, we
fmd that (with the initial frequency allocation for
GSM) the following interference would be
perceived ;-

I burst lasting 2 mins on the train daily
I burst lasting 2 mins at the train station
every 1.5 months
I burst lasting 3s on the street daily
1 burst in the office lasting 2 mins every
month

Further to this. it can be said that the hearing aid
user will be unable to use a portable digital
cellular telephone. Operation of a vehicle
insL1l1ed telephone would however, be possible.



S. Solutions

There are things that c:m be done both from the
mobile radio side :md from the hearing aid side.

For the GSM cellular system. the following
constr:Lints can applied to minimise
interference :.

Dynamic power control to be used
Small cells implemented where possible

• Discontinuous transmission to be used

All these aspects will ensure that the transmitter
is operating for the shortest possible time and
using the lowest possible transmit power.

However. this is unlikely to reduce the problem
to an acceptable level. An increased immunity to
RF interference is therefore required for hearing
aids. Tests have shown that if the immunity is
raised from the current 3 VIm to around 10 Vim
then interference will be significantly reduced.
These tests also indicated that this increase could
be adtieved with simple modification to the
hearing aid design.

6. Conclusion

Ex.tensive research has highlighted a
compatibility problem between TDMA
tr.l!l.SIIlitters and hearing aids. These TDMA
tr::UlSIIlitters may be GSM transmitters but could
be from any system using the TDMA principle.
Since TDMA is being favoured for a number of
future telecommunications systems. the number
of TDMA mobile terminals is likely to
dramatically increase in the coming years.

This problem could be dramatically reduced by
applying system design constraints for the GSM
system and an increased immunity from 3 VIm
to 10V1m for future hearing aid devices.

It is hoped that in presenting this work to COST
219. some practical ways for improving hearing
aid immunity c:m be found and implemented in
future hearing aid designs. This would greatly
benefit the hearing impaired in years to come
when the number of mobile telephones has
greatly increased. Such an improvement may also
mean that hearing impaired people will be able
use portable digital cellular telephones

themselves.
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